This study contributes to understanding the physical and economic impacts of progressive, climate-driven aquatic salinization on the spatial distribution of mangrove species in the Indian Sundarbans, which accounts for about two-fifths of the 10,200 km 2 tidal-wetland forest delta. To estimate future mangrove distribution, a five-step analysis was undertaken, using high-resolution spatial assessments. A current (2015) basemap and overlays of salinity tolerance for major mangrove species and their assemblages and projected location-specific aquatic salinity for 2050 were used to predict salinity-induced migration. The results show gain-and-loss patterns, with salt-tolerant species predominating at the expense of freshwater species. These changes are likely to reduce the flow of ecosystem services, adversely affecting the livelihood options of poor people in adjacent areas. Effective management will require establishing baseline data for monitoring system changes over time, protocols for maintaining species health, and support for mangrove regeneration and restoration. Resources should also be directed to alternative livelihoods for mangrove-dependent households. The study recommends an integrated policy approach, focused on rising salinity, changes in mangrove dynamics, and the welfare of mangrove-dependent communities.
Introduction
The mangrove ecosystems of the Sundarbans-the world's largest remaining contiguous mangrove forest situated along coastal segments of Bangladesh (60 percent) and India (40 percent) in the Bay of Bengal-are at increasing risk from the impacts of climate-driven sea-level rise. In this 10,200 km 2 tidal-wetland forest delta, as in other globally important mangrove forests, sea-level rise may even threaten the survival of mangrove species. In the past, mangroves have shown considerable resilience to sea-level fluctuations (Alongi, 2002 (Alongi, , 2008 Gilman et al., 2006; Erwin, 2009 ); however, their future rate of adaptation and migration may not keep pace (Ellison & Stoddart, 1991; Semeniuk, 1994; United Nations Environment Programme, 1994; McLeod & Salm, 2006; Lange et al., 2010) . In the case of the Sundarbans, the extent of permanent inundation is uncertain since sedimentation is still occurring in the active Ganges-Brahmaputra Delta. That said, climate-driven sea-level rise will inevitably have significant implications for the many poor people who depend on the mangrove forest for their livelihoods. (Note 1)
Challenges to Healthy Mangroves in the Sundarbans
In the Sundarbans, the two greatest threats to the health of mangroves in a changing climate are progressive aquatic salinization and shortage of nutrients from freshwater flows (Dasgupta, Kamal, Khan, Choudhury, & Nishat, 2015a; Dasgupta, Hossain, Huq, & Wheeler, 2015b; Institute of Water Modeling, 2003; Peterson & Shireen, 2001; Soil Resources Development Institute, 2000 ; United Kingdom Department of Environment, Food & Rural Affairs, 2007) . It is expected that alteration of riverine flows from the Himalayas, combined with sea-level rise, will intensify salinity intrusion as climate change continues (Dasgupta et al., 2015a, b; Dasgupta et jms.ccsenet al., 2014 
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Ceriops decandra, C. tagal Traditionally, the intertidal zone where mangroves are found has been well-suited for breeding and rearing a variety of fish, crustacean, and mollusk species. (Note 12) But progressive aquatic salinization is expected to impact the food web, taking its toll on economically important fish catches with specific salinity-tolerance limits. Also, with changes in mangrove species combinations, honey collectors ("Moulis") may not fetch as high a price due to variations in the honey's fragrance and viscosity. In addition, reduced diversity of mangrove species could diminish tourism in the region. Furthermore, altered species combinations could increase salinity ingression, affecting the water table and thus water sources; women would shoulder a greater burden since they spend more hours collecting fuelwood and drinking water.
Engineering attempts to control rising salinity in the Indian Sundarbans are unlikely to succeed. Concerns over increasing aquatic salinity have not yet been incorporated into regional management protocols despite the Sundarbans' treaty-protected ecological status, which is widely acknowledged. Eastward meandering of the Ganges and Brahmaputra Rivers has already reduced freshwater inflows significantly. Even at the current sea level, strong tides may travel long distances upstream since the land is quite flat. Continuing sea-level rise will only exacerbate such tidal effects. As long as these dynamics continue, efforts to improve local ecological conditions through changes in hydrological regime (e.g., river training) will likely prove futile (Potkin, 2004) .
The Indian Sundarbans is a UNESCO World Heritage site, and effective conservation management will require establishing baseline data for monitoring system changes over time, management protocols to maintain mangrove health, and support for mangrove regeneration and restoration. Location-specific baseline data is needed for tree-stand structures, tree abundance, species richness and diversity, export of nutrients, hydrological patterns, rates of sedimentation, and relative sea-level rise (McLeod & Salm, 2006 
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